The study is aimed to evaluate the potential effect of clinicopathologic and surgical factors on the prognosis and fertile outcomes in the patients with borderline ovarian tumors.
Introduction
Borderline ovarian tumour (BOT) is a peculiar tumour type with a more favourable prognosis than that of malignant ovarian tumours. BOT typically occurs in women 10 years younger than those with epithelial ovarian cancer (EOC), and the majority of women with BOT are diagnosed in earlier stages, with 75% of BOT diagnosed in Stage I [1, 2] .
The clinical management of BOT has evolved over the past two decades as our understanding of its biological behaviour has been elucidated. Treatment is based on surgical removal of the tumour, with an emphasis on fertility sparing surgery (FSS) in women of childbearing age. The role of comprehensive surgical staging in the treatment of BOT is still controversial. Because peritoneal implants are a significant prognostic index and the most common sites of implants include the omentum and peritoneal surfaces, surgical staging that includes resection of the primary borderline tumour, abdominal/pelvic cytologic washings, omentectomy, and peritoneal biopsies is recommended. Routine lymphadenectomy is not recommended [3, 4] . However, considerations for comprehensive surgical staging, adequate tissue sampling, and adequate follow-up period are essential tools for gaining additional insight into optimal clinical management [2] . Previous studies have been inconsistent in their support of the benefits of staging surgery, and a recent systematic literature review found that staging surgery, including hysterectomy and lymphadenectomy for BOT, is not supported by the evidence [5] [6] [7] . As the chances of uterine or nodal metastasis are low in apparent earlystage BOT, the risk of surgical complications and the benefits of staging information must be weighed carefully.
Materials And Methods
The clinical data of patients with BOT were collected retrospectively in West China Second University Hospital between January 2008 and December 2015. Patients with a pathological diagnosis of BOT who underwent surgery were enrolled in this study. Those with concurrent ovarian cancer or other malignant reproductive tumours or without complete data were excluded. This study was approved by the Medical Ethics Committee of West China Second University Hospital. Data were retrieved from medical records and patient charts, including age, tumour size, lesion location, International Federation of Gynecology and Obstetrics (FIGO) stage, surgical approach, histological subtype, treatment with chemotherapy, and follow-up information. Additionally, obstetric and oncological outcomes were collected by medical record review, telephone interview, or out-patient interview. Although the FIGO ovarian staging classification was revised on January 1, 2014, we used the previous staging (2009) classification for consistency [8] . In addition, histological types were determined in accordance with the World Health Organization (WHO) system (2003). Histopathological information was obtained from pathological specimens, which were evaluated by two pathologists experienced in gynaecologic pathology. The tumours were divided into four histological types, including serous, mucinous, endometrioid, and serous/mucinous types. Micropapillary lesions were defined as a serous borderline tumour containing complex micropapillary structures.
Microinvasion was defined as stromal invasion restricted to an area of no more than 10 mm 2 [ 9] . Several surgical operation types are mentioned in this study, such as FSS, which was performed to conserve the uterus and at least a portion of one ovary [10], and radical resection, which included total hysterectomy and bilateral salpingo-oophorectomy.
Moreover, the concepts of three surgery types need to be clarified: complete staging, incomplete staging, and unstaged surgeries. Complete staging was defined as peritoneal washing and/or biopsies, pelvic and para-aortic lymphadenectomy (sampling or systematic), and omentectomy. If peritoneal washing, omentectomy, and/or peritoneal biopsies without lymphadenectomy were performed, this was considered an incomplete staging surgery. The staging surgery group herein refers to those who received complete staging surgery. Furthermore, if only ovarian surgery (ovarian cystectomy or oophorectomy) was performed, this was considered an unstaged surgery [11] .
Additionally, if patients underwent only an appendectomy with ovarian surgery, they were also classified in the unstaged group. Four types of fertility-sparing surgery are mentioned in this study, including unilateral salpingo-oophorectomy, unilateral cystectomy, bilateral cystectomy, and unilateral salpingo-oophorectomy plus contralateral cystectomy. The last three modalities were defined as cystectomy-included surgery. Patients were followed-up once every 3 months for the first 2 years, 6 months for years 3-5 after the surgery, and once per year thereafter. Gynaecological examination, abdominal ultrasonography, and tumour marker evaluation were recommended in each follow-up cycle. Based on the favourable prognosis, disease-free survival (DFS, defined as the duration from primary surgery to the first recurrence or the last visit) was used to assess oncological outcomes.
Statistical analysis of DFS, recurrence rate, and pregnancy rate were selected as the primary outcomes in this study. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) statistical software (version 20.0). The chisquare test and Student's t-test for unpaired data were used for statistical analysis.
Survival analysis was based on the Kaplan Meier method, and the results were compared using the log-rank test. Univariate and multivariate Cox regression analysis were used to determine factors affecting recurrence presented as hazard ratios (HR). A P-Value of < 0.05 was considered statistically significant.
Results

Patient characteristics
A total of 448 patients with BOT were enrolled in this study. The demographics and clinicopathological characteristics are shown in Table 1 .
The median age at diagnosis was 37.1 years (range: 11-82 years). The majority of patients were of FIGO stage I (n=347, 77.46%), whereas a few cases were of stage II (n=20, 4.46%), and the remaining were of stage III (n=74, 16.52%) and stage IV (n=7, 1.56%).
The most common pathological type of BOT was serous (n=258, 57.59%), followed by mucinous (n=150, 33.48%), serous/mucinous (n=32, 7.14%), and endometrioid (n=8, complete staging surgery, whereas the rest underwent incomplete staging or unstaged surgery. Abdominal/pelvic washings or ascites were collected prior to the surgeries of all patients, and positive involvement was identified in 27 patients (6.03%). Lymph node metastasis was detected in 21 patients among those who had lymphadenectomy (n=113).
Appendix metastases were detected in 11 patients among those who underwent appendectomy (n=150). Omentum metastases were detected in 27 patients among those who underwent omentectomy (n=117). A total of 121 patients (27.01%) received adjuvant chemotherapy due to lymph node metastasis, positive abdominal/pelvic washings, invasive implants, and/or other high-risk indicators.
Oncological outcomes in patients with BOT
Survival analysis was performed; the median follow-up for this study was 113 (range: 14-166 ) months. At the last follow-up, 42 (11.6%) patients experienced recurrences, with a mean recurrence interval of 80.2 months and 4 (0.9%) disease-specific deaths were observed. The recurrence rate in patients who underwent incomplete staging/unstaged surgery (30/330, 9.09%) was lower than that in those receiving complete staging surgery (22/118, 18.64%), which was statistically significant (P<0.01). Results of univariate and multivariate analyses of DFS in all patients are shown in Table 2 .
According to the univariate analysis, patients who received complete staging surgery had shorter DFS than those who underwent incomplete staging or unstaged surgery. In addition, laparoscopy was more associated with improved DFS (HR=0.292, 95% CI: 0.132-0.647, P=0.002) compared to laparotomy. Other factors were found to be associated with DFS, including FIGO stage, histology, lesion location, microinvasion, adjuvant chemotherapy, ascites/pelvic washings, cancer antigen (CA)-125 level, appendectomy, and invasive implants (all P<0.01). Micropapillary and carcinogenic lesions were not associated with DFS (P>0.05).
Although several factors were found to be associated with DFS by univariate analysis, only three of them, including FIGO stage (OR: 6.544, 95%: 2.137-20.041), positive ascites/pelvic washings (OR: 3.259, 95% CI: 1.202-8.835), and surgical approach (OR: 0.319, 95% CI: 0.128-0.793), were identified as factors significantly associated with DFS (P<0.001, P=0.014, P=0.043, respectively) by multivariate analysis. However, complete staging surgery was not associated with DFS (P=0.600) according to the multivariate analysis. There was no difference in DFS found between patients who underwent either FSS or radical surgery by both univariate and multivariate analyses.
Subgroup analysis showed that, in patients who underwent complete staging surgery, there was no difference in DFS between those who received either laparotomy or laparoscopy (p=0.349). In patients who underwent incomplete staging/unstaged surgery, the DFS in patients who underwent laparoscopy was longer than in those who underwent laparotomy (P=0.011; Supplementary Table 1 ).
Oncological outcomes in patients with BOT after FSS
Among the patients enrolled, 270 patients underwent FSS. Of these, 32 patients (11.8%) experienced recurrence. To explore the potential risk factors associated with improved DFS in patients who underwent FSS, univariate and multivariate analyses were performed, shown in Table 3 .
Univariate analysis in patients with FSS revealed that patients who underwent complete staging surgery had shorter DFS than those who underwent incomplete staging or unstaged procedures (OR: 4.290, 95% CI: 1.979-9.298, P<0.001). When compared to those who underwent laparotomy, DFS in patients who underwent laparoscopy was improved (OR: 0.332, 95% CI: 0.135-0.820, P=0.017). In addition, patients who underwent salpingooophorectomy had longer DFS than those who underwent a cystectomy-included procedure (OR: 0.230, 95% CI: 0.168-0.867, P=0.021). Other factors were also associated with DFS in patients who underwent FSS, including FIGO stage, histology, lesion location, microinvasion, adjuvant chemotherapy, positive ascites/pelvic washings, appendectomy, and invasive implants (P<0.05).
In the multivariate analysis, there was no difference in DFS between patients who underwent complete or incomplete/unstaged surgery (P=0.358). No difference in DFS was found between patients with different histological types. Early FIGO stage (OR: 11.586, 95% CI: 4.535-29.602), unilateral lesions (OR: 2.581, 95% CI: 1.061-6.283), laparoscopy (OR: 0.367, 95% CI: 0.148-0.913), salpingo-oophorectomy (OR: 0.367, 95% CI: 0.148-0.913), and no invasive implants (OR: 4.832, 95% CI: 1.663-14.037) were independent factors for improved DFS (p<0.05).
Reproductive outcomes in patients with BOT after FFS
At the last follow-up, of 270 patients who underwent FSS, 252 patients had attempted to conceive and 92 had achieved pregnancy. The correlation between clinicopathological characteristics and reproductive outcome is shown in Table 4 . The pregnancy rate in patients aged <35 years was higher than those aged ≧35, and was statistically significant (P<0.001). Of 30 patients who underwent complete staging surgery, 13 patients succeeded in conceiving, whereas 79 of 203 patients who underwent incomplete/unstaged surgery succeeded in conceiving, but these differences were not statistically significant (P>0.05). There was no difference between patients who received either laparotomy or laparoscopy. Similarly, in patients who underwent salpingo-oophorectomy or cystectomy, there was no difference in pregnancy rate (P>0.05).
Discussion
In the present study, we performed a retrospective analysis of 448 patients with BOT in a single centre in China. BOT are a group of ovarian neoplasms with characteristics between benign and malignant, frequently occurring in young women, and is associated with favourable prognosis. Within the past two decades, we have begun to understand the biological behaviour of BOT; however, the optimal therapy for this disease is still controversial. Numerous studies have focused on the oncological and reproductive outcomes of BOT. In the literature, the primary points of discussion regarding BOT include the prognostic factors for overall surivival (OS) or DFS, the necessity of staging surgery, the application of minimally invasive approach, and the outcome of conservative surgery.
Complete staging surgery generally includes resection of the primary borderline tumour (cystectomy or salpingo-oophorectomy), cytologic washings, omentectomy, peritoneal biopsies and routine lymphadenectomy. Unlike in ovarian cancer, previous studies have shown that the prognosis of patients with BOT is generally favourable, with very low mortality [12, 13] . A Turkish Gynaecologic Oncology Group (GOG) study showed that the five-year survival rate of patients with BOT was 100% and the median survival time was 120 months [14] . Therefore, DFS and recurrence-free survival (RFS) was defined as the main oncological outcomes. In the present study, complete staging surgery was performed in 26.3% of patients. Although univariate analysis showed that patients who underwent complete staging surgery had shorter DFS than those who underwent incomplete staging/unstaged surgery, no significant difference was found in DFS between these surgical approaches by multivariate analysis. These results were similar to those previous studies [2, 11, [14] [15] [16] . The GOG study in Turkish showed that comprehensive surgical staging did not lead to any difference in survival [14] . A retrospective multicentre study showed that there were no differences in 5-year RFS and OS between patients with or without complete surgical staging [17] . Another multicentre study showed that surgical staging, including lymph node sampling or dissection, appendectomy, and hysterectomy, were not beneficial in the management of BOT [11] . A third multicentre study from Turkey that focused on mucinous BOT also showed that radical surgery, omentectomy, appendectomy, and lymphadenectomy were not independent prognostic factors for progression-free survival (PFS) and OS [16] .
Regarding the correlation between lymphadenectomy and DFS, lymph node involvement
does not appear to be a prognostic factor [18, 19] . Univariate analysis by Matsuo et al.
showed that surgical staging patterns for hysterectomy and lymphadenectomy were not associated with cause-specific survival (P = 0.19) [2] . A previous study by Qian et al. showed that there were no significant differences between groups who either had lymphatic node involvement or did not (p = 0.778), and between patients who had either more or fewer than ten nodes removed (P = 0.549) [15] .
BOT occurs in women of all ages, with the average age of onset in the mid-40 s; therefore, a high proportion of women with BOT are in the reproductive age group [20] . In the present study, the median age at diagnosis was 37.1 years. Therefore, a conservative surgical approach, especially FSS, was the preferred choice for patients at a reproductive age who desired to preserve fertility. However, the balance between oncological and reproductive outcomes should be assessed adequately; approximately 12-36% of patients with BOT who undergo FSS experience recurrence [20] , and the most common site of recurrence is in the residual ovary [20] [21] [22] [23] . Previous studies have shown that the recurrence rate of BOT in patients who underwent FSS was markedly higher than that in patients who received radical surgeries (21.4% vs 6.3%, P < 0.05) [9, 24] . Furthermore, a proportion of patients who underwent FSS were found to experience an invasive recurrence [13] . Regarding surgical patterns, meta-analysis revealed that unilateral cystectomy is significantly associated with higher recurrence rates [10]. However, another study reported that there was no statistically significant difference between patients who underwent either cystectomy or unilateral salpingo-oophorectomy [25] . A recent study including 6295 patients showed that FSS was associated with worse disease-specific survival in patients ≥ 50 years of age, but not in those < 50 years of age [26] . Another study also showed that surgical procedure (conservative vs. radical) was not an independent prognostic factor for DFS or OS [11] . In the present study, univariate and multivariate analyses both showed that there was no significant difference in DFS between patients who either underwent FSS or did not (P > 0.05). In patients who received FSS, there was no significant difference in DFS between those who either received complete staging or did not (P > 0.05), whereas a significant difference was seen between laparoscopy and laparotomy (P < 0.05). However, no significant differences in reproductive rate were found between those who underwent either surgery staging or a different surgical approach. Therefore, one should give extra consideration to the balance between oncological and reproductive outcomes in patients of a reproductive age before performing FSS. In a retrospective study of 1069 patients with BOT in Japan, 49% had normal serum CA-125 levels and only 23% had serum CA-125 levels above 100 U/ml [20] . In another study of 198 patients with pre-operative serum CA-125 data conducted in Singapore, 77 (39%) had levels > 35 U/ml [28] . In the present study, the level of CA-125 was not an independent prognostic factor for patients with BOT after FSS.
Because an accurate intra-operative diagnosis is important in the management of BOT, frozen section examination should be performed to help surgeons and patients' families make decisions during intra-operative periods. The accuracy of frozen-section examination is lower than optimal and the availability of reliable frozen-section analysis in many hospitals is problematic. Previous studies have shown that the matched rate between frozen-section and definitive histological result varies from 66.67-88.9% [29, 30] . Therefore, it is important for surgeons to counsel patients and their families appropriately with regard to intra-operative management.
Conclusions
Patients with BOT do not benefit from surgical staging procedures in terms of prognosis and fertility outcomes. Laparoscopy, rather than laparotomy, should be recommended for patients with stage I disease who wish to preserve their fertility. In addition, patients with advanced-stage disease, invasive implants, and/or bilateral tumours who wish to maintain fertility should consider the risk of recurrence before choosing FSS. Unilateral salpingooophorectomy is an alternative method for patients with BOT to preserve fertility.
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